An Aspergillus oryzae RIB40 (NBRC100959) α-glucosidase （designed as AgdB）gene (agdB) was expressed at high levels in an A. oryzae host by self-cloning. The obtained transformant (MIBA1002) produced intracellular and extracellular α-glucosidase at levels 3-and 10-fold higher, respectively, than the parent host strain. The base sequence of agdB consisted of a 3036-kb structural gene containing three introns and encoding 963 amino acids, and the linear sequence thus obtained from these amino acids was identical to A. oryzae RIB40 unknown protein BAE64257.1. The amino acid sequence had 72% and 51% homology to α-glucosidase B from Aspernillus nidulans and Acremonium implicatum, respectively, which exhibit transglycosylation activity. The sequence has conserved residues specific to glucosyl hydrase family 31 (GH31) α-glucosidases. Tyr296 present in the β→α Loop1 in GH31 is important for transglycosylation. The enzyme produced 2.2% isomaltose, 0.4% maltotriose, and 0.3% kojibiose from 20% maltose substrate. This is the first report of the transglycosylation activity of α-glucosidase B cloned in A. oryzae (unknown protein BAE64257.1).
enzymes have almost no effect on α-glucan.
Type 2 α-glucosidases have higher activity towards maltooligosaccharides than towards hetero-substrates and can hydrolyze α-glucan.
Type 3 α-glucosidases are similar to those classified as Type 2, and can hydrolyze oligosaccharides and starch at similar rates.
Type 2 and 3 enzymes belong to the GH31.
In addition to hydrolysis, α -glucosidases catalyzes transglucosylation to form new glucosidic linkages, and thus it is used for the production ofα-glucosides(10-13).
The fungus A. oryzae is essential in the traditional Japanese fermentation industry and is used in the production of sake, 
Materials and Methods

Chromosomal DNA library construction
Chromosomal DNA was isolated from A.
oryzae strain RIB40 using a routine procedure (15) . The DNA was digested with restriction enzyme BamHI, separated by agarose gel electrophoresis, and then subjected to Southern hybridization using AlkPhos Direct (Amersham Biosciences, Inc.
Piscataway, NJ, USA). The probes used were generated by nested polymerase chain reaction (PCR) as described below. A.
nidulans belongs to the same family as A. 
Cloning into phage
The chromosomal DNA was cloned into phage and plaques were formed. Clones containing the agdB were selected by plaque 
Results and Discussion
Base sequence of the agdB gene 
SDS-PAGE electrophoresis
The extracellular crude enzyme preparation was subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis.
Electrophoresis was performed using an polyacrylamide gel and proteins were stained using Coomassie Brilliant Blue R250 (24) ( Left panel, intracellular enzyme production by MIBA1002 and wild-type strain cells.
Right panel, extracellular enzyme production by MIBA1002 and wild-type strain. us to obtain high-purity crude enzymes.
Enzymatic characteristics
The optimal temperature, heat resistance, thermal stability, optimal pH, and pH stability of this enzyme were determined. The optimal temperature for activity was determined to be 60°C after incubating for 10 min (Fig. 4A) . The enzyme was stable up to 45°C (Fig. 4B) . When incubated at 4°C, 20°C
(room temperature), and 30°C for 24 h, the enzyme maintained ≥ 90% activity. Even after repeated freezing and thawing, enzymeactivity remained relatively stable (data not shown). The optimal pH was 5.0 when incubated for 10 min at pH values from 3.0 to 8.0 (Fig. 4C) . The enzyme maintained ≥ 60% a incubated at each pH value for 24 h and was most stable at pH 5.0 (Fig. 4D) .
Procedures for these assays are provided in the figure legends.
Transglycosylation activity
The hydrolyzing ability together with transglycosylation activity of MIBA1002 enzyme was analyzed with an HPLC. Maltose at an initial concentration of 20% (w/v) was decreased to 1.1% by incubationg with the enzyme for 120 min and completely degraded after reacting for 180 min. The reaction products generated after 240 min were identified as follows: 2.2 % isomaltose, 0.4% maltotriose, and 0.3% kojibiose (Fig. 5, 6 ).
On the other hand, when, instead of the ex- The activity of agdB was determined as described in the Materials and Methods, except that the temperature was changed. The maximum activity is taken as 100%.
A, agdB (0.12 U/mL) was incubated for 10 min at different temperatures in acetate buffer (pH 5.0). B, agdB was divided into aliquots (0.18 U/mL each) and one aliquot was heated for 15 min at the indicated temperature (30 -70°C). Each mixture was then assayed for residual activity. The activity observed after incubation at 4°C was considered to be 100%. C, The activity of agdB at different pH values was assessed as described in the Materials and Methods. The maximum activity was considered to be 100%. D, agdB was divided into aliquots (0.18 U/mL each) and one aliquot was incubated at 20°C for 24 h at the indicated (pH3.0 -8.0). The pH of each mixture was then adjusted to 5.0 and the activity was assayed. The activity measured after incubation for 24 h at pH 6.8 and 4°C was considered to be 100%.
dustries. Although isomaltose and kojibiose can be produced from sucrose using sucrose phosphorylase from Leuconostoc mesentroides, the process is complicated and the yields are extremely low (10). MIBA1002
shows great promise for the development of foods and cosmetics based on non-conventional carbohydrate processing.
MIBA1002 enzyme may be useful as a transglycosylation catalyst for these applications since it formed 2.2% isomaltose, 0.4% maltotriose, and 0.3% kojibiose from 20% maltose substrate. Currently, α-glucosaccharides are too expensive for the mass production of these oligosaccharides.
Very recently, A.niger α-glucosidase was expressed in yeast and optimized (25) and the similar enzyme was purified from thermophilic fungus to achieve more effective production (26) . Our aim to synthesize useful oligosaccharides from maltose will be accomplished in future by using AgdB transglycosylation activity. The present study is the first report of the enzymatic character- istics and transglycosylation ability of an unnamed protein product from A. oryzae.
MIBA1002 was deposited with the
Fermentation Research Institution (deposit number: NITE P-214) (Tokyo, Japan).
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